Section 1: Introduction
Innovation has long been associated with productivity growth in that, hypothetically, it results in the more effective use of a firm's resources and improved productivity. There is ample empirical evidence in the literature that firms that engage in innovation type activities, as, for example, spending on Research and Development (R&D) and obtaining intellectual property rights through patents and copyrights, are more technologically advanced and have higher labor productivity, enabling them to better compete internationally (Schumpeter, 1939 , Griliches, 1986 , Freeman, 1994 , Griffith et al., 2006 , and Mairesse and Mohnen, 2010 .
Furthermore, there is evidence that investment in innovation-type activity results in sustainable long run growth and development (Hall and Jones, 1999 , OECD, 2009 and Rouvinen, 2002 .
In view of the potential benefits, policymakers in the Caribbean have acknowledged the role that innovation may play in leading to increased productivity as well as economic growth and development. For instance, CARICOM member states adopted in 1988 a regional Science and Technology policy (Nurse, 2007) . This was followed in 2000 by the establishment of the Caribbean Council for Science and Technology to coordinate and implement this policy, and a regional framework for action was formulated in 2007 (Nurse, 2007) . More recently, the National Council for Science and Technology (NCST) in Jamaica introduced a national strategic plan entitled "Science and Technology for Socio-Economic Development: A Policy for Jamaica" for 2005-2010 and employed foresighting techniques to develop a five-year master strategy and implementation plan for Information Communication Technologies (ICTs) called "E-Powering Jamaica 2012" (NCST, 2005) . In other countries in the region, however, while there are institutions with responsibility of establishing and implementing national innovation systems, for the most part no formal strategic plans exist.
It is not clear, however, how much benefit will accrue to the Caribbean because of innovation, largely because there is a paucity of studies on innovation and its impact on productivity in Small Island Developing States (SIDS) like the Caribbean. The few studies that have done so tend to group the Caribbean together with Latin America, and findings suggest that innovation and productivity are quite low and, indeed, are acute constraints to growth (Lederman et al., 2014 , Ortiz et al., 2012 , Daude a d er de -Arias, 2010 and IDB, 2010 . However, it must be noted that most of the aforementioned studies use spending on research and development (R&D) to measure innovation activity. But, as argued by Crespi and Zuniga (2012) , in developing countries the link between innovation and productivity are not as well established as imitation and technology acquisition may play a more important role than R&D investment.
In this paper we examine the impact of innovation on firm productivity in the Caribbean, hoping to fill the existing gaps in the literature. Cross-sectional firm level data for 14 Caribbean countries from the World Bank's E terprise Surveys, coveri g the manufacturing sector are employed. We find evidence, using both non-and semi-parametric tests and a set of different productivity measures, that innovative firms exhibit higher productivity than non-innovative ones. In order to identify any causal effect of innovation on productivity, we follow Crespi and Zuniga (2012) and Griffith et al. (2006) and use a structural recursive model that takes into account the decision by firms to invest in innovative activity rather than simply R&D expenditure. This approach involves modeling a knowledge production function based on how much knowledge output is generated from the innovation investment to then estimate an output production function in which labor productivity is determined by innovative activity together with other inputs. In employing this approach, we experiment with other measures of productivity.
The outline of the paper is as follows. Section 2 provides a brief overview of the literature on the productivity effects of innovative activities. Section 3 describes the data used in our study. In Section 4, we provide non-and semi-parametric tests of productivity differences between innovative and non-innovative firms. Section 5 outlines our econometric model, the results from which are presented and discussed in Section 6. The paper concludes in Section 7.
Section 2: Literature Review
Traditionally a firm's R&D expe ditures were considered a direct determinant of innovation activity and increased productivity. Moreover, since data on the amount firms spent on R&D are widely and readily available (they are routinely recorded by firms), they are a convenient proxy for measuring innovation activity. It is generally assumed that the more a firm spends on R&D the more innovative it is: R&D expenditure results in increases in both process and product innovation by reducing the cost of production of existing goods and increasing the number of new goods produced. The relationship between innovation and productivity may then be modeled in a knowledge production function, and the contribution of innovation to productivity in an output production function, where the production of new knowledge is determined by the amount firms spent on R&D (Griliches 1979 , Griliches and Pakes 1980 and Cohen and Levinthal 1989 . Cr po et al. (1998) are the first to investigate the relationship between innovation and productivity where the innovation inputs are measured using R&D expenditure for French manufacturing firms. The model is a system of recursive equations linking firm R&D expenditure to its innovation output which, in turn, is linked to productivity. Their findings provide evidence that firm productivity increases with higher innovation as measured by R&D investment. Further, R&D spending increases with firm size, market share, diversification, and demand pull and technology push forces.
Later studies by Hall and Mairesse (2006) and Mairesse and Mohnen (2010) confirm the results obtained by Cr po et al. (1998) but emphasize the importance of firm heterogeneity in explaining innovation activities and the need to control for their effects on firm performance in empirical work. Further, the correlation between product innovation and productivity is often higher for larger firms (Griffith et al. 2006, and OECD 2009) and, in most countries, the productivity effect of product innovation is larger in the manufacturing sector than in the services sector (OECD 2009 ). These studies show that, in developed countries, the more a firm spends on R&D, the more likely it is to be innovative when controlling for firm characteristics, such as size, market and diversification.
The empirical evidence on innovation and productivity in developing countries is, however, not as straightforward. For instance, a positive relationship between R&D, innovation and productivity has been found in newly industrialized Asian countries (Lee and 
2005
), but other studies in Latin America found no significant relationship (Raffo et al. 2008 . re et al. 2005 , Chudnovsky et al. 2006 and Hall and Mairesse 2006 . The failure of R&D expenditure to correlate positively with innovation and productivity may be explained by the fact that firms in developing countries are too far from the technological frontier and incentives to invest in innovation are weak or absent (Acemoglu et al. 2006) . Moreover, in developing countries, R&D costs are high and may require a longer time to produce results (Navarro et al. 2010 ).
Later studies identify several weaknesses of using R&D expenditure alone to measure innovation. Firstly, not all R&D expenditure necessarily leads to successful innovation and 6 productivity growth: rather R&D expenditure is simply an input into the innovation process and not a measure of innovation output. The use of R&D therefore does not prove how successful a firm is in introducing new and improved products and services or production processes.
Secondly, innovation is a multi-dimensional and complex process and R&D expenditure is but one component of innovation expenses. R&D expenditure alone, therefore, may not accurately measure innovation and may in fact be an underestimation of the true innovation cost, which may include the financing of product design and training of works. In a study of German manufacturing firms, Felder et al. (1996) highlight the importance of non-R&D innovation expenditures. In another study, Calvo (2003) , in a study of Spanish manufacturing firms, find that more than a half of the innovative firms did not spend on R&D.
It is therefore clear that approximating innovation by R&D expenditure may underestimate a firm's i ovative capacity More recently, the availability of time innovation surveys, suc as t e World Ba 's I ovatio Surveys, allow for studies that introduce a broader set of variables to measure innovative activity. In this regard, Griffith et al. (2006) and Crespi and Zuniga (2012) extend the recursive system approach as developed by Cr po et al. (1998) to incorporate broader measures of innovation. More precisely, they take into account the decision by firms to invest in innovative activity rather than simply R&D expenditure, along with other inputs related to labor productivity, in creating the knowledge production function from which the output production function is then created. The innovation decision of the firm then includes any action that aims to increase its knowledge such as new concepts, ideas, processes and methods. This includes R&D expenditure but also other expenditures, such as product design, marketing, staff training, new machinery and patents and other trademark licensing.
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The model employed by Griffith et al. (2006) and Crespi and Zuniga (2012) are also different from past studies in that it distinguishes between process and product innovation by estimating them separately, since there is likely to be a high collinearity between these factors as the majority of the firms undertake both simultaneously. It is hard empirically to separate product and process innovation, which results in identification problems when using the two variables in the productivity equation. In addition to firm characteristics, the model also includes exter al forces t at affect t e firm's i ovatio decisio , such as demand-driven innovation, including environmental, health and safety regulation, technological push innovation (scientific opportunities), and innovation policy. Ultimately their frameworks also allow one to control for selectivity bias and endogeneity in the innovation and productivity function in the same manner as the original framework developed by Cr po et al. (1998) .
We employ a similar approach in this paper (see Section 5).
Section 3: Data and Descriptive analysis

3.1: Data
The data used come from the World Bank's Enterprise Surveys, which consist of firm-level surveys of a representative sample of an economy's private sector which covers a wide range of topics not only limited to innovation, technology and performance measures. 1 The survey is administered face-to-face by private contractors to business owners and top managers. The stratification factors for the Enterprise Surveys are firm size, business sector, and geographic region within a country. These data provide rich firm level data information on a total of 2771 firms from 14 Caribbean territories all interviewed in 2010 (see Table 1 ).
Unfortunately the data only asks question in terms of innovative activity to manufacturing firms, and thus our analysis in terms of innovation is limited to these. Table 2 provide the percentage of all firms interviewed by country, broken down by each category. As seen, the majority of firms interviewed are domestic, non-exporting, small service providers. We thus are importantly missing information on innovative activity for a large part of firms in the Caribbean. In contrast, Table 3 displays the percentage of innovative manufacturing firms in each country, broken down by each descriptive category: innovative firms in the Caribbean are domestic, medium sized manufactures where about half export and half do not.
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3.2: Descriptive Analysis
We also examine innovation by type of activity. Table 4 shows that innovation expenditure in Caribbean manufacturing occurs mainly through R&D expenditure: 8 percent of firms in the region are innovative on the basis of R&D spending, followed by 6 percent of firms that innovate through local patents and purchase of licenses for intellectual property.
Furthermore, only 2 percent of firms innovate through public support and patents abroad. The country with the largest percentage of firms spending on R&D and cooperating on innovation is Guyana, followed by Barbados and the Dominican Republic. Barbados, however, has the highest percentage of firms that receive public support for innovation (6 percent) while, in many other countries, firms receive very little or no public support for innovation (Bahamas, Belize, Dominica, St. Lucia and Trinidad and Tobago).
Firm innovative activity in manufacturing is also broken down by product as opposed to process innovation in Table 5 . The type of innovation occurring is mainly product rather than process: 15 percent of firms in the region introduced new or improved products, while only 9 percent introduced new or improved processes. Suriname has the highest percentage of firms undertaking product innovation (34 percent), followed by Barbados, the Bahamas, the Dominican Republic, and Guyana. Countries with the lowest percentage of firms that introduce product innovation are Dominica (3 percent), St. Lucia (7 percent) and St. Kitts and Nevis (9 percent). In terms of process innovation, Guyana has the largest percentage of firms (22 percent) followed by Barbados and Suriname (16 percent), while countries with the lowest percentage of firms are Dominica (0 percent), and Antigua and Barbuda and St. Lucia
(1 percent).
Finally, it should be noted that, for most of our empirical analysis, we control for a number of other firm level characteristics than those just described. We list all of the variables used in Table 6 . Unfortunately, the requirement of non-missing values for all of these for every firm also reduced our working sample substantially, namely to 814 firms. We list the country and innovation breakdown of these in Table 1 . As can be seen, while the country breakdown is not too dissimilar, the percentage of innovative firms is about 5 percentage points larger than the total sample.
Section 4: Non-and Semi-Parametric Analysis of Productivity Differences
Employing both non-and semi-parametric methods, we first determine whether firms investing in innovation in the Caribbean (innovative firms) are indeed more productive than those than do not (non-innovative firms). The latter group does not spend any funds on R&D and/or technological innovation activities.
4.1: Non-Parametric Test
The simplest measure of productivity available from our data is labor productivity.
The difference-in-means test, shown in Table 7 , confirms that, in the Caribbean, the mean value of labor productivity for innovative firms is larger than that of non innovative firms.
Non-parametric kernel density graphs of each firm type's labor productivity distribution, shown in Figure 1 , provide further evidence that innovative firms are also characterized by more productivity dispersion than their non-innovative counterparts.
To test differences across firm types by taking into account moments of order higher than 2, we resort to the concept of first order stochastic dominance. More precisely, let F and G denote, respectively, the cumulative distribution of innovative and non-innovative firms' productivities, prod.
First order stochastic dominance is defined as F(prod)-G(prod)
uniformly in prod  , with strict equality for some . In contrast to a means test, first order stochastic dominance thus considers all moments of the productivity distribution of firms.
The non-parametric one-sided and two-sided Kolmogorov-Smirnov (KS) tests (Delgado et al. 2002 ) are used to establish or refute first order stochastic dominance of the productivity of innovative firms over non-innovative firms. The two sided test investigates the hypothesis that both the innovative and non-innovative firms' productivity distributions are identical. The null (H 0 ) and alternative (H 1 ) hypotheses are:
In contrast, the null and alternative hypotheses of the one-sided test of first order stochastic dominance are:
Hence in order to conclude that the distribution of innovative firms, F, dominates that of noninnovative firms, G, we need to reject the null hypothesis for the two-sided test but not reject the null for the one-sided test.
The KS test statistics for the one-and two-sided tests are, respectively:
( 4) where n and m are the sample sizes from the empirical distributions of F and G, respectively, and their sum is just N.
We report the KS statistic for the one-and two-sided tests for labour productivity in Table 8 . The test statistics provide evidence that labour productivity in innovating firms stochastically dominates that in non-innovative firms: innovative firms in the Caribbean exhibit higher productivity across all moments of the distribution, not just around the mean.
4.2: Semi-Parametric Test
The non-parametric test has the advantage that it does not require any (possibly restrictive) distributional assumptions. On the other hand, itt does not allow the investigator to take account of the fact that innovative firms may differ from non-innovative ones in characteristics that are correlated with productivity. For instance, a cursory glance at the difference in means of the control variables across firm type in Table 7 shows that noninnovative firms are smaller in size, are less likely to obtain public financial support for innovation, are less likely to have patents, are less likely to export, are less likely to have cooperation with other firms or institutions in terms of innovative activity, and are less likely to be foreign-owned. Thus, conclusions about the relationship between productivity and innovation spending, based on non-parametric testing, may be, at least in part, driven by differences in other firm characteristics.
To take account of differences in characteristics when comparing distributions, DiNardo et al. (1996) 
where the set of productivities comes from innovative firms and the set of characteristics from non-innovative ones. In like manner, the counterfactual for Z from innovative firms,
, may be expressed in terms of reweighting the actual distribution as:
To estimate this counterfactual, the weight )
, that is, the probability of being innovative or not, given firms' characteristics Z, is estimated using a logit or probit methods, which predicts the probability Prob(INNOV=1|Z) and Prob(INNOV=0|Z) for each firm in the sample.
We employ the method due to DiNardo et al. (1996) to explore distributional differences in labor productivity between innovating and non-innovating firms using, as other productivity determinants, a firm's export status, foreign ownership, patent possession, government support, size, non-technological innovation, and innovation cooperation status.
Estimation is done using the probit model. 2 We depict the counterfactual distribution of (6), that is, the distribution of productivity of non-innovative firms but with innovative firm type characteristics relative to their true distribution in Figure 2 . Accordingly, the counterfactual has a higher mean and higher dispersion implying that, if non-innovative firms were similar in characteristics to innovative firms, they would have higher mean productivity as well as greater inequality in productivities across themselves.
We next compare the counterfactual non-innovative firm productivity distribution to the true innovative firm productivity distribution in Figure 3 . Relative to the raw difference in distribution, these graphs show that the difference in distributions in labor productivity between innovative and non-innovative firms is now less marked. This implies that some non-negligible part of the difference in the distributions of productivity between the two types of firms was due to differences in their other characteristics. Moreover, the counterfactual non-innovative distribution also appears to be somewhat closer to that of the innovative firms rather than that of the actual non-innovative distribution, suggesting that differences between innovative and non-innovative firms are due more to differences in characteristics than to being innovative. Nevertheless, it remains clear that, even after 14 adjusting for differences in characteristics, non-innovative firms have a lower mean and more dispersion in productivity than innovative ones.
4.3: Alternative Productivity Measures
Thus far we have focused simply on labor productivity as a measure of a firm's efficiency. However, the data also allow us to obtain, relatively simply, more sophisticated measures of productivity. Assume, as a starting point, that there is some efficient production frontier where output is at its maximum and where a firm, if it is operating on it, may be considered to be technically efficient. Consider, for example, a firm with a Cobb-Douglas production function with two inputs, labor (L) and capital (K):
Given that A is unobservable to the econometrician it must be estimated. An empirical equivalent of (8), in natural logarithm, is thus:
where β 0 measures the mean efficiency across firms and ε is the producer-specific deviation from that mean, which may be further decomposed into an observable (that is, predictable) and unobservable component:
where firm level productivity is just β 0 +v i and may be easily estimated with data on a firms' output, capital stock, and labor using simple regression analysis.
The underlying logic behind this one-sided error component specification of is that differences in firm productivity are due to differences in management ability, in that any firm not operating on the frontier may be considered to be less efficiently managed. However, more realistically, sometimes maximum output itself may be higher or lower due to exogenous shocks, that is, the frontier may be different across firms. Moreover, not all firms may share a common family of production, cost, and profit functions and thus some measurement error will be inevitably introduced in trying to estimate productivity from (10). Aigner et al. (1977) extended the deterministic frontier analysis approach to allow for these factors. More specifically, they assumed that u i may be decomposed into:
where π is the symmetric disturbance from the frontier and η is the true error component, assumed to be distributed independently of π and η<0. The normally distributed π captures the possibility that the frontier may vary for each firm due to measurement errors and uncertainty regarding external events, and not necessarily due to managerial inefficiency. Aigner et al. (1977) demonstrate how incorporating (10) into (11) may be estimated by maximum likelihood methods.
Both the deterministic and stochastic frontier derived productivities for all firms are estimated from (9) and (10). 3 , 4 The mean and standard deviation for these alternative productivity measures are shown in Table 7 . In line with the labor productivity results, the average productivity is higher for innovative firms for these proxies as well, confirmed by a simple difference in means test.
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The raw distributions are shown Figures 4 and 5, and the difference is even more pronounced for the two total factor productivity (TFP) measures than for simple labor productivity. The relevant KS test statistic is shown in Table 8 . Again, the same conclusion holds: innovative firms exhibit higher productivity across all moments of the distribution.
Similarly, as seen in Figures 6 through 9, the conclusions with regard to the semi-parametric distributional method hold, that is, the non-negligible part of the difference in the distributions of productivity between the two types of firms appears to be due to differences 3 For the stochastic productivity component we assumed a half-normal distribution. However, using instead an exponential distribution did not change our results in any noticeable manner. 4 The return to capital and labor were estimated to be 0.18 and 0.89, respectively, and statistically significant at the one percent level. 5 The test statistics were 6.97, 6.21, and 4.17 for the deterministic productivity, the stochastic productivity measure, and logged labor productivity, respectively.
in their other characteristics, and differences between innovative and non-innovative firms are due more to differences in characteristics than due to being innovative, although the latter aspect appears to be less so for the two TFP measures than for labor productivity.
Section 5: Econometric Model
Our non-and semi-parametric tests suggest that firms that spend on innovation are more productive than ones that do not, even after controlling for differences in characteristics. However, this does not imply causality. Moreover, given the dichotomous nature of these tests, we were only able to focus on whether a firm spends money or not, not how much it spends. In order to gain further insight into these two aspects, we now follow
Crespi and Zuniga (2012) 
where IE i * is an unobserved latent variable and is measured by the log of expenditure on innovation activities divided by the number of employees, z i is a vector of determinants of the firm's innovation decision, β is a vector of parameters and e i is the error term.
The decision of whether or not a firm decides to undertake innovative activity is then modeled as follows:
where ID i is a binary endogenous variable equal to 1 if the firm invests in innovate activity and 0 if it does not above a certain threshold level c, and where w is a vector of variables explai i g t e i ovatio i vestme t decisio , α a vector of parameters of interest, and e i an error term.
Conditional on firm i engaging in innovation activities, we may observe the amount of resources invested in innovation (IE) activities:
Assuming that the error terms e a d ε are bivariate ormal wit ero mea , varia ces σ ε 2 =1 a d σ e 2 a d correlatio coefficie t ρ ε e , the system of equations (13) and (14) may be viewed as a generalized Tobit model, estimable by maximum likelihood.
In order to model the knowledge/innovation production function, consider:
where TI i is knowledge outputs by technological innovation (introduction of a new product or process at the firm level), and where the latent innovation effort, ΙΕ, enters as explanatory variable, x is a vector of ot er determi a ts of owledge productio , a d (γ,δ) are vectors of parameters of interest, and u an error term.
The final equation of the model sets out the relationship between innovation and labor productivity. Firms produce output using constant returns to scale with labor, capital, and knowledge inputs as follows:
where output y is labor productivity (log of sales per worker), k is the log of physical capital per worker (proxied by physical investment per worker), and enters as an explanatory variable and refers to the impact of technological innovation on productivity levels.
In order to estimate the full set of equations, a three-step estimation procedure may be employed since the model does not allow for feedback effects. Firstly, the generalized Tobit model in (13) and (14) is estimated. Secondly the innovation function in (15) is estimated using a probit model, where the predicted value of (log) innovation expenditure is the main explanatory variable rather than reporting innovation efforts. Importantly, this corrects for potential endogeneity in the knowledge production equation. Finally, the productivity equation is estimated using the predicted values from the second step to take care of the endogeneity of TI i in (16).
Given the small sample sizes of individual countries, data across countries were pooled prior to applying the Crespi and Zuniga (2012) procedure. In this regard, we controlled for unobserved country characteristics as well as sector differences by including a full set of two-digit SIC code and country dummies in all specifications. The rest of our explanatory variables used are in line with Crespi and Zuniga (2012) , except for their controls 'the importance of market sources of information', 'scientific sources of information', and 'public sources of information' T is was because t ere were too ma y missi g values for these variables in the dataset. The model is estimated for all firms and not for innovative firms only since most surveys do not have a filter and most of the questions are asked of all firms. Also, the model assumes that all firms exert some kind of innovative effort, but not all firms report this activity. The output of these efforts produces knowledge, and we can then have an estimate of innovation efforts for all firms. Table 10 presents the results for the estimation of equations (13) and (14), which specify the determinants of the likelihood to engage in innovation activities within the firm and the intensity of this expenditure (log of innovation expenditure per worker) for the Caribbean. The reported estimates are the marginal effects of the generalized Tobit model.
Section 6: Econometric Results
6.1: The Decision to Invest in Innovation and the Intensity of Innovation Expenditure
The identification of our model rests on the assumption that firm size affects the decision to invest, but not how much a firm will invest (Crespi and Zuniga 2012) .
The results show that firms that export and those that are larger are more likely to invest in innovation, while having patent protection or foreign ownership does not significantly predict the decision to invest in innovation. The effect of t e 'size' variable is not surprising given that it is generally believed that there are economies to scope resulting from investing in innovation (Cohen and Levin 1989) . Similarly, the finding that exporting firms are more likely to invest is expected, as this is consistent with the findings of Aw et al. (2008) that the decision to export and invest in R&D are intrinsically linked. The insignificance of 'foreign ownership' may be signaling that foreign firms are probably using
Caribbean countries just as an outlet for their products rather than as a testing ground to improve production.
In terms of the size of the coefficients, an exporting firm is 13 percent more likely to invest in innovation, while a unit increase in logged employment increases the probability of investment by 3.4 percentage points. With regard to the latter, for example, the largest firm in our estimation sample is nearly 50 percent more likely to invest in innovation than the smallest firm, ceteris paribus Crespi a d Zu iga ( 1 ) also fi d t at 'exporting' is a significant predictor for innovation expenditure in Argentina, Chile, and Columbia. The results shown here are similar in size to those of Crespi and Zuniga (2012) for Argentina and
Chile, but are larger for Columbia. Our result for employment is also similar to the CrespiZuniga results of all countries in their study, although for none of these was the coefficient smaller than 0.08. Thus size in the Caribbean seems to be a better predictor of a firm's willingness to invest in innovation. While, in contrast to here, foreign ownership did not seem 20 to matter i Crespi a d Zu iga's ( 12) Latin American sample, except for Argentina, patent protection was important for all countries, except again for Argentina. The fact that patent protection does not matter in our results suggests that it is less credible and/or less effective in the Caribbean compared to Latin America.
O ly t e 'exporter' variable is sig ifica t i t e i ovatio expe diture equatio . The fact that public financial support is not a significant predictor may be a worry, as it suggests that public funds are not efficiently spent in the Caribbean in the promotion of innovation.
Similarly, the insignificance of the 'cooperation' variable suggests that spillovers between firms are minimal. In the Crespi-Zuniga study, exporting is a significant determinant only for Argentina and Columbia, but not so for the other countries in their sample. Somewhat surprisingly, however, exporting here, in contrast to their findings, decreases the spending on innovation. Table 11 shows the estimates of equation (15) (the knowledge production functions), where marginal effects are reported. The results show that t e variables 'being an exporter'
6.2: The Impact of Innovation Investment on the Technological Innovation
and 'being a foreign firm' increase the probability of technological innovation. More specifically, an exporting firm is 48 percent more likely to be undertaking innovation, while being foreign owned increases the probability by 18 percentage points. The fact that foreign firms do undertake more innovation, without investing it in the Caribbean, indicates that the latter is probably taking place in their countries of origin. Crespi and Zuniga (2012) Caribbean firms, like their Latin American counterparts, are more likely to introduce product or process innovation if they spend more on innovation. More specifically, a unit increase in logged innovation expenditure per employee increases the probability of an innovation by 56 percent. The size of the effect thus is higher than that found for all Latin
American countries in Crespi and Zuniga (2012) , except for Chile. It thus appears that spending on innovation has a higher return in terms of product innovation in the Caribbean than most of the countries in the Latin American region. Table 12 depicts the results of the productivity equation (5), where the coefficients reported are elasticities or semi-elasticities since the dependent variable is the log of sales per employee. Non-technical innovation has a positive and significant impact on labor productivity, similar to the Crespi-Zuniga result for Argentina and Columbia, although smaller for the former and somewhat larger for the latter. Caution should be exercised in reading too much into this result, as it is assumed here that there is no selection bias and no endogeneity for non-technical innovation.
6.3: The Impact of Innovation on Productivity
Innovation expenditure has a positive and significant impact on labor productivity.
The estimated elasticity, 0.63, is larger than for Costa Rica (no effect), Chile (0.60) Argentina (0.24), but substantially smaller than for Columbia (1.92), Panama (0.8) and Uruguay (0.80).
Section 7: Concluding Remarks
In this study we examine the determinants of spending on innovation and its impact on productivity in the Caribbean. We use a rich cross-sectional enterprise survey covering 14
Caribbean countries with detailed information on innovative activity for manufacturing firms.
Our analysis shows that there are indeed productivity differences, regardless of the definition of productivity, between innovative and non-innovative manufacturing firms in the region, although a visible part of that is due to differences in other observable characteristics. More precisely, those firms not spending money on innovation tend to be less productive, although also more heterogeneous in their productivity.
We also estimated the determinants of innovation and the causal impact of innovation on productivity in an econometric framework, and compared our results to a previous study done for several Latin American countries. This unearthed a number of interesting results.
More specifically, we found that, while there are economies of scope, size appears to be less an obstacle to undertaking innovation in the Caribbean than in Latin America. The fact that neither having patents nor cooperating with other firms appears to encourage investment is worrisome. Maybe current legislative framework in the Caribbean region might not be effective enough in encouraging innovation.
We also discovered that foreign-owned are not more inclined than domesticallyowned firms to invest more in innovation, in part probably because their innovative activities generally take place in their country of origin. Fortunately, it appears that, in the Caribbean, foreign firms nevertheless introduce more innovative techniques than domestic ones, thus possibly creating the opportunity of spillovers to local firms. Reassuringly, investment in innovation appears to be as successful in the Caribbean as in Latin America in the sense that it translates into the introduction of new products and/or processes, not necessarily less than in the countries in Latin America. Most importantly, we find that these new products and processes increase productivity in the region, and that the return may be larger than in some, but smaller than other, Latin American nations.
More generally, our study shows that the benefits to investing in innovation are not too different than those found for Latin America. Source: Author's Calculation based on World Bank's Enterprise Survey data. Source: World Ba 's E terprise Survey LAC Report Author Guide and Author's calculation. Notes: (1) ***, **, and * denote 1, 5, and 10 percent significance levels; (2) F is the distribution of the innovative and G the distribution of the non-innovative firms. Author's calculation based on World Bank's Enterprise Survey. (1) Coefficients reported are marginal effects. (2) ***, ** and * Coefficient is statistically significant at the 10, 5 and 1 percent level. (1) Bootstrapped standard errors in parentheses (100 replications). (2) The variable used to proxy for physical capital is investment made during the period considered the stock of physical capital. (3) * Coefficient is statistically significant at the 10 percent level; ** at the 5 percent level; *** at the 1 percent level.
